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Objectives. The purpose of this study was to use an electrocar-
diographic (ECG) algorithm, derived from the results of radiofre-
quency ablation, to discriminate atrioventricular node reentrant
tachycardia (AVNRT) from atrioventricular reciprocating tachy-
cardia (AVRT) and to localize a concealed accessory pathway,
prospectively.
Background. Information about ECG criteria for differentiating
AVNRT from AVRT is limited and has not been confirmed by
surgical or catheter ablation.
Methods. Four hundred six ECGs (obtained from 406 different
patients) that demonstrated narrow QRS complex (<0.12 s)
supraventricular tachycardia with an RP* interval less than the
P*R interval or pseudo r* wave in lead V1 or pseudo S wave in
inferior leads, or both, were examined, and the results were
confirmed by radiofrequency catheter ablation. The initial 226
ECGs were analyzed to develop a stepwise algorithm, and the
subsequent 180 ECGs were prospectively evaluated by the new
algorithm.
Results. The presence of a pseudo r* wave in lead V1 or a pseudo
S wave in leads II, III, aVF indicated anterior-type AVNRT with
an accuracy of 100%. With the difference of RP* intervals in leads
V1 and III >20 ms, posterior-type AVNRT could be differentiated
from AVRT utilizing a posteroseptal pathway with a sensitivity of
71% (95% confidence interval [CI] 55% to 89%), a specificity of
87% (95% CI 67% to 97%) and a positive predictive value of 75%
(95% CI 56% to 91%). According to the polarity of retrograde
P waves in leads V1, II, III, aVF and I during AVRT, the concealed
accessory pathway could be localized to one of the nine regions on
the atrioventricular annuli with an accuracy of 75% (for a right
midseptal pathway) to 93.8% (for a left posterior pathway).
Overall, the new algorithm had an accuracy of 97.8% in discrim-
inating AVNRT from AVRT and 88.1% in localizing a concealed
accessory pathway, prospectively. Prediction was incorrect in only
15 patients (9.1%).
Conclusions. The new ECG algorithm derived from the analysis
of retrograde P waves during tachycardia could provide a criterion
for differential diagnosis between AVNRT and AVRT and for
predicting the location of concealed accessory pathways.
(J Am Coll Cardiol 1997;29:394–402)
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Catheter ablation using radiofrequency energy has become an
important mode of treatment for symptomatic supraventricu-
lar tachycardia (1–3). Predicting the mechanism of supraven-
tricular tachycardia and accessory pathway location before the
beginning of ablation procedure may help in planning the
ablation technique in advance. In addition, the possibility of
mechanical trauma on the pathways by the electrode catheter
can be minimized if those located in the susceptible regions are
known before electrophysiologic study (4). All existing electro-
cardiographic (ECG) criteria for differentiating different types
of supraventricular tachycardias have not been confirmed by
surgical or catheter ablation (5–10). Furthermore, a pro-
spective study using an accurate ECG algorithm derived
from the results of radiofrequency catheter ablation to
differentiate between atrioventricular node reentrant tachy-
cardia (AVNRT) and atrioventricular reciprocating tachy-
cardia (AVRT) and to localize a concealed accessory path-
way has not been performed. The purpose of the present
study was 1) to define the retrograde P wave characteristics
of supraventricular tachycardia on the 12-lead ECG; 2) to
develop a new, accurate stepwise algorithm in a stepwise
fashion for differentiation between AVNRT and AVRT and
localization of accessory pathways; and 3) to determine the
accuracy of the algorithm prospectively.
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Methods
Patient and ECG characteristics. Four hundred six ECGs
with narrow QRS complex (,0.12 s) supraventricular tachy-
cardia obtained from 406 different patients (220 male, 186
female; mean [6SD] age 49 6 15 years, range 12 to 78) were
included in the study. All fulfilled the following criteria: 1) the
interval from the beginning of the QRS complex to that of
the retrograde P wave (RP9 interval) was less than that from
the beginning of the retrograde P wave to that of the next QRS
complex (P9R interval), or presence of the pseudo r9 or pseudo
S wave, or both; 2) no pre-excitation on the 12-lead ECG
during sinus rhythm; 3) a single accessory pathway, if present;
and 4) successful radiofrequency catheter ablation. Six patients
with atrial tachycardia and a P9R interval greater than the RP9
interval were excluded. Forty-two (20.2%) of 208 patients with
AVNRT and 30 (11.1%) of 270 with AVRT who did not have
discernible P waves on the 12-lead ECG during tachycardia
were also excluded. The initial 226 patients (120 with AVNRT,
106 with AVRT) were included to develop a new algorithm,
and the subsequent 180 patients (46 with AVNRT, 134 with
AVRT) were then prospectively evaluated by the newly de-
rived algorithm.
Electrocardiographic analysis. The tachycardia ECGs
were recorded on the standard 12 leads at a paper speed of
25 mm/s, gain setting of 10 mm/mV and filter settings of 0.5
and 1,000 Hz. The RP9 intervals were measured in multiples of
20 ms. The tachycardia ECGs obtained from the initial 226
patients were compared with those recorded during sinus
rhythm, and the following characteristics were carefully ana-
lyzed by two independent observers (C.-T.T, C.-E.C.) without
knowledge of the tachycardia mechanism and accessory path-
way location: 1) pseudo S wave in leads II, III and aVF, defined
when an apparent S wave was present during tachycardia but
not during sinus rhythm (5); 2) pseudo r9 wave in lead V1,
defined as an apparent r9 deflection in lead V1 during tachy-
cardia but not during sinus rhythm (5); 3) configuration and
polarity of the presumed P waves in each of the 12 leads during
tachycardia. If the presumed P wave was above the baseline of
the ST segment, it was designated as “positive”; if it was below
the baseline of the ST segment, it was designated as “nega-
tive”; if it had components above and below the baseline, it was
designated as “biphasic”; if it was on the horizontal, it was
designated as “isoelectric.” However, if the presumed P wave
was on the oblique part of the ST segment, a line was drawn
connecting the end point of the QRS complex to the peak
(positive T wave) or nadir (negative T wave) of the T wave to
define P wave polarity during tachycardia. If the P wave was
above this line, it was designated as “positive”; if it was below
this line, it was designated as “negative”; if it had both positive
and negative components, it was designated as “biphasic”; if it
was on the drawn line, it was designated as “isoelectric” (Fig.
1). Intraobserver and interobserver agreement in analyzing the
retrograde P waves or pseudo r9 wave or pseudo S wave, or
both, was calculated.
Baseline electrophysiologic study, endocardial mapping
and radiofrequency catheter ablation technique. Written in-
formed consent was obtained from each patient. The details of
electrophysiologic study in our laboratory have been described
previously (4,11,12). Various types of supraventricular tachy-
cardia were defined by classical criteria (13–15). Posterior-type
AVNRT was defined when the earliest atrial activation was
recorded near the coronary sinus orifice (not fast–slow-type
AVNRT); anterior-type AVNRT was defined when the earliest
atrial activation was recorded near the His bundle area (14).
All ECGs of posterior-type AVNRT were identified with the
same configuration characteristics as those of clinical tachycar-
dia before any application of radiofrequency energy. The end
points of the ablation procedures were complete elimination of
accessory pathway conduction without AVRT and modifica-
tion or elimination of slow pathway conduction without
AVNRT.
Locations of accessory pathway. The locations of the ac-
cessory pathways were divided into nine regions in the best
right and left anterior oblique projections (Fig. 2), which were
described in our previous series (11). The location of the
accessory pathway was defined as the site where the accessory
pathway was ablated successfully, and no recurrence was
found. The ablation catheter was “frozen,” and the position
was recorded fluoroscopically in the two standard projections:
the best right and left anterior oblique projections. In patients
with recurrence, the successful ablation site in the second
session was chosen as the location of the accessory pathway.
The position of the successful ablation site was reviewed by two
independent observers (S.-A.C., S.-H.L.) without knowledge of
Abbreviations and Acronyms
AV 5 atrioventricular
AVNRT 5 atrioventricular node reentrant tachycardia
AVRT 5 atrioventricular reciprocating tachycardia
CI 5 confidence interval
ECG 5 electrocardiogram, electrocardiographic
Figure 1. Schema demonstrating the method for defining the polarity
of retrograde P waves (arrowhead) in lead V1. If the presumed P wave
is on the oblique part of the ST segment, a line is drawn connecting the
end point of the QRS complex to the peak of the T wave to define
P wave polarity during supraventricular tachycardia (SVT) compared
with the ECG recording during sinus rhythm (SR). Upper panel shows
a positive (1) P wave; middle panel shows a negative (2) P wave; and
lower panel shows a biphasic (6) P wave.
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the baseline ECG and the electrophysiologic data. Differences
in interpretation were resolved by consensus.
Stepwise algorithm. The characteristics of ECGs with
tachycardia obtained from the initial 226 patients were corre-
lated with the mechanism of supraventricular tachycardia, and
the location of the accessory pathway was confirmed by
successful radiofrequency ablation. A new algorithm was de-
veloped using the ECG features derived from the initial 226
patients according to the following rationale: First, a single
ECG characteristic was chosen to differentiate AVNRT from
AVRT utilizing a concealed pathway. The second and ensuing
steps consisted of selecting other ECG characteristics that
could further subdivide accessory pathways into individual
regions, fulfilling the requirements of the least overlap for
discrimination in each group. Finally, a stepwise algorithm was
constructed. The ECGs of the initial patients were reevaluated
by two observers (Z.-C.W., C.-W.C.) in blinded manner ac-
cording to the new algorithm. The accuracy was determined,
and the intraobserver and interobserver agreement was calcu-
lated.
Prospective study. The ECGs of the subsequent 180 con-
secutive patients were prospectively evaluated by another two
independent observers (K.-C.U., Y.J.-C.), according to the new
algorithm immediately before electrophysiologic study. The
results were compared with the actual mechanism of supraven-
tricular tachycardia, and the actual localization of accessory
pathways was confirmed by successful radiofrequency ablation.
The accuracy was determined, and the intraobserver and
interobserver agreement was calculated. Differences in inter-
pretation were resolved by consensus.
Statistical analysis. Results are expressed as mean value6
SD. The intraobserver and interobserver agreement in analyz-
ing the characteristics of retrograde P waves was calculated by
the kappa statistic (16). The accuracy of differentiation of
tachycardia mechanisms and localization of accessory path-
ways by the algorithm was calculated as the ratio of the number
of accurate predictions over the total number of analyzed
tachycardias or accessory pathways. A p value ,0.05 was
considered statistically significant.
Results
Atrioventricular node reentrant tachycardia. Atrioventric-
ular node reentrant tachycardia (AH interval greater than HA
interval) was found in 120 of the initial 226 patients, including
112 with anterior-type and 8 with posterior-type tachycardia.
Mean heart rate during tachycardia was 181 6 35 beats/min
(range 118 to 264). Of the 112 patients with anterior-type
AVNRT, a pseudo r9 wave in lead V1, together with a pseudo
S wave in inferior leads, was present in 75 patients (67%) (Fig.
3); the other 37 patients had either a pseudo r9 wave (22.3%)
or a pseudo S wave (10.7%). The intraobserver and interob-
server concordance in recognition of pseudo r9 and S waves
Figure 3. Anterior-type AVNRT. A, sinus rhythm. B, Pseudo r9 wave
in lead V1 and pseudo S wave in inferior leads during tachycardia.
Figure 2. Schematic representation of the tricuspid and mitral annuli,
as viewed fluoroscopically in the best left anterior oblique projection,
illustrates the division of the nine regions. The coronary sinus and
great cardiac vein are depicted encircling the mitral annulus. LA5 left
anterior; LL 5 left lateral; LP 5 left posterior; LPS 5 left postero-
septal; RA 5 right anterior; RAS 5 right anteroseptal; RMS 5 right
midseptal; RP 5 right posterior; RPS 5 right posteroseptal.
396 CHING-TAI TAI ET AL. JACC Vol. 29, No. 2
ECG ALGORITHM FOR DIFFERENTIATING AVNRT FROM AVRT February 1997:394–402
(99% and 98%, respectively) was excellent, with overall kappa
values of 0.98 (p , 0.001) and 0.96 (P , 0.001), respectively.
The beginning of retrograde P waves in eight patients with
posterior-type AVNRT were separate from the QRS complex.
Neither pseudo r9 nor pseudo S waves were found. All patients
had an isoelectric or biphasic P wave in lead I; a negative
P wave in leads II, III and aVF; and a positive P wave in leads
aVR, aVL, V1 and V2 during tachycardia (Fig. 4).
Atrioventricular reciprocating tachycardia. Atrioventric-
ular reciprocating tachycardia utilizing an accessory pathway
was found in 106 of the initial 226 patients. The interobserver
agreement in the interpretation of catheter position at the
successful ablation site was 95%, and the kappa value was 0.85
(p 5 0.005). Mean heart rate during tachycardia was 183 6 32
beats/min (range 124 to 256). Neither pseudo r9 nor pseudo S
wave was found. The percentage of ECG tracings with visible
P waves in leads V2 to V6, aVR and aVL was only ;60%,
whereas 80% to 90% of P waves in leads I, II, III, aVF and V1
were seen. The interobserver concordance in the analysis of
retrograde P waves in the latter five leads was 95% to 98%.
Thus, they were selected for evaluation of the retrograde
P wave for different pathway locations. Fourteen patients
without a discernible retrograde P wave in leads I, II, III, aVF
and V1 were excluded from further study, leaving 92 (86.8%)
with the retrograde P wave in these five ECG leads for the
inclusion in the following analysis. Mean heart rate during
tachycardia without a discernible retrograde P wave was not
significantly different from that with a discernible retrograde
P wave (186 6 42 vs. 180 6 36 beats/min, p . 0.05) (Fig. 5).
The characteristics of retrograde P waves for different acces-
sory pathway locations are described in Table 1 and shown in
Figures 6 to 8.
Differentiating posterior-type AVNRT from AVRT utilizing
a posteroseptal pathway. The conduction interval between
atrial electrograms recorded at the proximal coronary sinus
and His bundle area in posterior-type AVNRT was signifi-
cantly longer than that in AVRT (46 6 7 vs. 26 6 6 ms, p ,
0.05) (Fig. 9, A and B). Thus, the RP9 intervals in leads V1 and
III during posterior-type AVNRT were 135 6 23 ms (range
120 to 160) and 1056 22 ms (range 80 to 140), respectively; the
difference in RP9 intervals between leads V1 and III was 30 6
15 ms (range 20 to 60). The RP9 intervals between leads V1 and
III during AVRT were 145 6 25 ms (range 120 to 180) and
142 6 26 ms (range 120 to 180), respectively; the difference in
RP9 intervals between leads V1 and III was 9 6 12 ms (range
0 to 40). With the difference of RP9 intervals in leads V1 and
III.20 ms, the posterior-type AVNRT could be differentiated
from AVRT utilizing a posteroseptal pathway with a sensitivity
of 71% (95% confidence interval [CI] 55% to 89%), a speci-
ficity of 87% (95% CI 67% to 97%) and a positive predictive
value of 75% (95% CI 56% to 91%) (Fig. 9C). The overall
kappa values representative of the intraobserver (92%) and
interobserver (90%) agreement were 0.80 (p 5 0.01) and 0.78
(p 5 0.01), respectively.
Development of the algorithm. The selected criteria de-
rived from the retrospective analysis of tachycardia ECGs were
organized into the new algorithm (Fig. 10). The algorithm
reached a total accuracy of 93.2% in reassessment of ECGs
from the initial 212 patients (the 14 patients without a discern-
Figure 4. Posterior-type AVNRT. Retrograde P wave is positive in
lead V1; negative in leads II, III and aVF; and biphasic in lead I.
Figure 5. Atrioventricular reciprocating tachycardia mediated by a
right anteroseptal pathway with a rapid ventricular rate of 230
beats/min. The discernible P wave is biphasic in lead V1 and positive in
leads II, III and aVF.
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ible retrograde P wave in leads I, II, III, aVF and V1 were not
included). The overall kappa values representative of the
intraobserver and interobserver agreement (95% and 94%,
respectively) were 0.90 (p , 0.001) and 0.88 (p , 0.001),
respectively. In the prospective study, 16 patients (12%) were
excluded because they did not have retrograde P waves dis-
cernible in all five ECG leads (I, II, III, aVF and V1) during
AVRT. Mean heart rate during tachycardia was not signifi-
cantly different from that with discernible retrograde P waves
in these five leads (188 6 46 vs. 182 6 32 beats/min, p . 0.05).
The overall kappa values representative of the intraobserver
and interobserver agreement (95% and 93%, respectively)
were 0.89 (p 5 0.002) and 0.85 (p 5 0.005), respectively.
Accuracy for discriminating AVNRT from AVRT utilizing an
accessory pathway was 97.8% and that for predicting accessory
pathway location was 88.1%. Thus, total accuracy in predicting
the mechanism of tachycardia and the location of the accessory
pathway was 90.9%. Prediction was incorrect in 15 (9.1%) of
164 patients, but the predicted sites were next to the actual
sites in 13 (86.6%) (Table 2). The algorithm used to predict the
mechanism of tachycardia or accessory pathway location had
the highest accuracy for left posterior pathways (15 [93.8%] of
16) and anterior-type AVNRT (42 [100%] of 42) and the
lowest accuracy for the right antero-midseptal pathways (7
[77.8%] of 9) and posterior-type AVNRT (3 [75%] of 4). The
accuracy of predicting left-sided and right-sided pathways did
not show a significant difference (89.3% vs. 89.6%, p . 0.05).
Discussion
Main finding. To our knowledge, this is the first prospec-
tive study to analyze the characteristics of retrograde P waves
to predict the mechanism of supraventricular tachycardia and
the location of an accessory pathway, as confirmed by radio-
frequency catheter ablation. The new algorithm was highly
accurate in differentiating AVNRT from AVRT and in pre-
dicting the location of a concealed accessory pathway.
Differentiating the mechanisms of supraventricular tachy-
cardia. In the present study, no pseudo Q wave was found in
any patient with anterior-type AVNRT, and patients with
AVNRT with P wave buried in the QRS complex were not
enrolled. The finding that presence of a pseudo r9 wave or
pseudo S wave, or both, had an accuracy of 100% in predicting
anterior-type AVNRT confirmed the previous report (8).
However, the characteristics of the P wave in posterior-type
AVNRT were similar to those in AVRT utilizing a postero-
septal accessory pathway. According to the difference of RP
intervals in leads V1 and III, most posterior-type AVNRT
could be differentiated from AVRT utilizing a posteroseptal
pathway (sensitivity 71%, specificity 87%, positive predictive
value 91%). Although the earliest retrograde atrial activation
Table 1. Retrospective Analysis of Retrograde P Waves in Atrioventricular Reciprocating Tachycardia
AP
Location
Excluded
(no. of pts)
Included
(no. of pts)
ECG Leads
I II III aVF V1
LA 2 8 2 1 1 1 1
2 2 6 1 1 1
LL 2 7 2 2 1 6 1
12 2 2 6 2 1
LP 0 13 2 2 2 2 1
LPS 2 9 6 2 2 2 1
RPS 2 9 6 2 2 2 1
RP 4 6 1 6 2 2 2
10 1 2 2 2 2
RA 1 3 1 1 6 1 2
3 Iso 1 1 1 2
RAS 1 3 6 1 1 1 6
2 Iso 1 1 1 6
2 6 1 6 1 6
RMS 0 1 1 6 2 2 6
2 6 2 2 2 6
AP 5 accessory pathway; Iso 5 isoelectric; LA 5 left anterior; LL 5 left lateral; LP 5 left posterior; LPS 5 left
posteroseptal; pts 5 patients; RA 5 right anterior; RAS 5 right anteroseptal; RMS 5 right midseptal; RP 5 right
posterior; RPS 5 right posteroseptal; 1 5 positive; 6 5 biphasic; 2 5 negative.
Figure 6. Twelve-lead ECGs during tachycardia from a patient with a
left lateral accessory pathway. The retrograde P wave is positive in
leads V1 and III, biphasic in lead aVF and negative in leads I and II.
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of posterior-type AVNRT and AVRT utilizing a posteroseptal
pathway was near the coronary sinus ostium, the conduction
time between atrial electrograms recorded at the proximal
coronary sinus and His bundle area in posterior-type AVNRT
was significantly longer than that in AVRT. This finding may
suggest that posterior-type AVNRT has retrograde activation
through the slow conduction area in the perinodal atrium, thus
leading to the discrepancies between leads V1 and III as to
duration of the RP9 interval.
P wave characteristics in AVRT utilizing a free wall acces-
sory pathway. In the present study, a negative P wave in lead
I was found in all patients with left free wall accessory
pathways. If the retrograde P wave is negative in all three
inferior leads, the accessory pathway is located in the infero-
posterior free wall. If the P wave becomes isoelectric or
biphasic in one of the three inferior leads, the accessory
pathway is located in the lateral wall. If the P wave becomes
positive in all inferior leads, the accessory pathway is located in
the superoanterior wall. Thus, moving from the posterior to
the anterior location, the positive P wave is seen initially in
Figure 7. Twelve-lead ECGs during tachycardia in two patients with a
right free wall accessory pathway. A, Patient with a right anterior
pathway: The retrograde P wave is negative in lead V1 and positive in
leads II, III and aVF. B, Patient with a right posterior pathway: The
retrograde P wave is negative in leads V1, II, III and aVF.
Figure 8. Twelve-lead ECGs during tachycardia from two patients
with a septal accessory pathway. A, Patient with a right midseptal
pathway: The retrograde P wave is biphasic in lead V1 and negative in
leads II, III and aVF. B, Patient with a right posteroseptal pathway:
The retrograde P wave is positive in lead V1, negative in leads II, III
aVF and biphasic in lead I.
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lead III, followed by lead aVF and lead II. In addition, positive
P waves are consistently present in lead V1.
For right free wall accessory pathways, the P wave is
positive or isoelectric in lead I. If the P wave is positive in all
inferior leads, the accessory pathway is located in the anterior
wall. If the P wave is negative in all inferior leads, the accessory
pathway is located in the posterior wall. However, moving from
the posterior to the anterior location, the positive P wave is
seen initially in lead II, followed by lead aVF and lead III. In
addition, negative P waves are consistently present in lead V1.
Thus, the polarity and configuration of the retrograde P wave
in lead V1 can differentiate left from right free wall accessory
pathways.
P wave characteristics in AVRT utilizing a septal accessory
pathway. In this study, all posteroseptal pathways had nega-
tive P waves in three inferior leads (II, III, aVF), positive
P waves in leads aVR and aVL and isoelectric or biphasic
P waves in lead I. As the pathways are located in the
midseptum, P waves in inferior leads are still negative. As
the pathways are located in the anteroseptum, P waves in the
inferior leads become positive. These results were compatible
with those reported by Waldo et al. (17,18). They demon-
strated that P waves in ECG leads II, III and aVF were
negative when the atria were paced from the region of the
coronary sinus ostium; P waves in leads II, III and aVF were
biphasic or positive when the atria were paced from sites in the
atrioventricular (AV) junction located more anteriorly to the
coronary sinus ostium. Waldo et al. (18) considered that rapid
activation of the superior area of the right atrium, including
the Bachmann’s bundle and late activation of the inferior area
of the right atrium, which might be due to activation along the
anterior internode pathway in the interatrial septum, would
produce positive retrograde P waves in the inferior leads
during anteroseptal pacing. Thus, positive retrograde P waves
in the inferior leads during AVRT mediated by anteroseptal
pathways might be due to the same mechanism. The left and
right posteroseptal accessory pathways could not be discrimi-
nated in the present study. It is possible that the retrograde
atrial activation through the left and right posteroseptal path-
ways were so similar (earliest retrograde atrial activation
recorded near the coronary sinus ostium) that the vector of
retrograde P waves was almost the same. In addition, the
finding that most of the posteroseptal pathways had a positive
P wave and most of the antero-midseptal pathways had a
biphasic P wave in lead V1 suggested anatomic differences of
the two septal spaces.
Relation between polarity of retrograde P waves and an-
terograde delta waves. It appeared that lead I P waves were
negative from the left anterior to left posterior pathways,
became biphasic in the left and right posteroseptal regions,
Figure 9. A, Conduction time between atrial electro-
grams (A) recorded at the proximal coronary sinus
(PCS) and His bundle area (HBE) during posterior-
type AVNRT is 40 ms. B, Conduction time between
atrial electrograms recorded at the proximal coro-
nary sinus and His bundle area during AVRT utiliz-
ing a posteroseptal pathway is 20 ms. C,RP9 intervals
in leads V1 and III during AVNRT are 140 and
100 ms, respectively; thus, the difference in RP9
intervals is 40 ms. The RP9 intervals in leads V1 and
III during AVRT are 140 and 140 ms, respectively;
thus, the difference in RP9 intervals is 0 ms. DCS 5
distal coronary sinus; H 5 His potential; HRA 5
high right atrium; MCS 5 middle coronary sinus.
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turned positive from the right posterior to right anterior
position of the heart and were biphasic again at the right
anteroseptal region. Lead V1 P waves were positive from the
left anterior to the left posterior position, also positive in
the left and right posteroseptal regions, became negative from
the right posterior to right anterior position and turned
biphasic at the right anteroseptal and midseptal positions.
P waves in leads II, III and aVF evolved from positive to
negative as the accessory pathways moved from the anterior
AV groove to the posterior crux region of the heart.
There are interesting similarities between the polarity of
retrograde P waves reported in the present study and delta
waves in normal sinus rhythm in patients with manifest Wolff-
Parkinson-White syndrome (11). Furthermore, Wellens et al.
(19) suggested that accessory AV pathways cross the AV ring
such that the atrial and ventricular ends are not far from one
another. This hypothesis leads to the assumption that the site
of origin of ventricular activation during exclusive anterograde
conduction over the pathway and the origin of atrial activation
during exclusive retrograde conduction over the pathway are
located close together (19). However, there are several differ-
ences in this relation, such as anteroseptal and midseptal
pathways. Furthermore, there are accessory pathways with an
oblique course in which the atrial and ventricular insertions do
not match.
Possible reasons for incorrect prediction. In the prospec-
tive analysis of retrograde P waves, prediction was incorrect in
15 patients, with the predicted sites next to the actual sites of
Figure 10. Newly derived stepwise algorithm and results
of a prospective study in 164 patients. The accuracy of
the algorithm for predicting AVNRT and accessory
pathway locations is indicated. Denominator is the total
patient number for that group; numerator is the number
of patients with correct predictions. Abbreviations as in
Figure 2.
Table 2. Incorrect Prediction of Tachycardia Mechanism and
Accessory Pathway Location in 15 Patients
Pt No./
Actual Mechanism
or Location
Predicted
Mechanism or
Location
Reason for
Incorrect Prediction
1/pAVNRT PS dRP between leads III and V1 ,20 ms
2/LPS LP Lead I, negative P wave
3/RPS RP Lead V1, negative P wave
4/RPS RMS Lead V1, biphasic P wave
5/RP RMS Lead V1, biphasic P wave
6/RA RAS Lead V1, biphasic P wave
7/RA RP 2 inf leads, negative P wave
8/RAS RMS 2 inf leads, negative P wave
9/RMS RPS Lead V1, positive P wave
10/LP LL Lead III, biphasic P wave
11/LL LP Lead III, negative P wave
12/LL LP Lead III, negative P wave
13/LL LA Lead III, positive P wave
14/LA LL Lead III, biphasic P wave
15/LA LL Lead III, biphasic P wave
dRP 5 difference of RP interval; inf 5 inferior; pAVNRT 5 posterior-type
atrioventricular node reentrant tachycardia; other abbreviations as in Table 1.
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accessory pathway location in 13. Of these 13 patients, 2 with
left free wall pathways (Patients 10 and 14) had oblique fiber
orientation (20). One patient had posterior excursion of the
pathway with the ventricular insertion site at the left posterior
position and the earliest atrial activation at the left lateral
position; the other had anterior excursion of the pathway with
the ventricular insertion site at the left anterior position and
the earliest atrial activation at the left lateral position. Thus,
the characteristics of retrograde P waves in these two patients
mimicked those with left lateral accessory pathway. The remain-
ing 11 incorrect predictions might be due to arbitrary division of
the AV ring for designation of accessory pathway location;
therefore, the predicted sites were next to the actual sites.
Patient 1 (Table 2) had posterior-type AVNRT and has
been reported on previously (21). He had anterograde conduc-
tion over one slow pathway (a long AH interval) and retro-
grade conduction over the other slow pathway (a long HA
interval) during tachycardia; thus, the difference in RP inter-
vals in leads III and V1 mimicked that during AVRT mediated
by a posteroseptal accessory pathway and led to incorrect
prediction.
Study limitations. In the present study, patients with atrial
tachycardia with an RP9 interval less than the P9R interval on
the 12-lead ECG were not included because they were too few
in number. An important limitation of this study was that
clearly visible P waves on leads V1, I, II, III and aVF were
required in using the ECG algorithm. To identify the polarity
of a retrograde P wave was somewhat difficult. However,
careful observation of the simultaneous 12-lead ECG, compar-
isons of ST segment and T wave configuration during tachy-
cardia with those during sinus rhythm and use of the methods
in the present study permitted establishment of the polarity of
retrograde P waves in five ECG leads (I, II, III, aVF and V1)
in 85.6% of all patients studied and was proved feasible by
prospective study. Those patients without discernible retro-
grade P waves in all five ECG leads who were excluded from
the prospective analysis might have impact on the accuracy of
the algorithm. However, the patient series was small (16 of
[8.9%] 180). Of the initial 226 patients included for develop-
ment of the algorithm, 120 had AVNRT and 106 had AVRT.
This proportion is different from published information and
may be a potential limitation of the study. Thirty-five of the 106
concealed accessory pathways had right posterior (20), right
anterior (7) or right anteroseptal (8) locations; the prevalence
of these locations for concealed pathways has been much lower
in previously reported series. One possibility is that previous
reports were not based on mapping studies as detailed as those
performed today for catheter ablation; another is that our
center has a different referral pattern.
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